A microfluidic platform to isolate avian erythrocytes infected with Plasmodium gallinaceum malaria parasites based on surface morphological changes.
This paper reports on a microfluidic platform to isolate and study avian red blood cells (RBCs) infected to various degrees by the malaria parasite Plasmodium gallinaceum. The experimental findings point to the feasibility of using the morphological changes on the surface of the malaria infected avian RBC (miaRBCs) as biomarkers for diagnosis. A glass substrate with a controlled surface roughness was used as part of a polydimethylsiloxane (PDMS) microfluidic channels. When whole-blood samples were introduced into the channels, the miaRBCs would be preferentially slowed and eventually become immobilized on the roughened surface. The surface lesions and furrow-like structures on the miaRBC surfaces offered a markedly higher probability to interact with the roughened substrate and allowed the cells to become imobilized on the surface. The captured miaRBCs were from blood samples at various degrees of infection at 3.2%, 3.9%, 9.1%, 13.4%, 20.1%, 28%, and 37%. It was observed that the miaRBCs could be selectively captured under a wall shear rate between 2.1 to 3.2 s(-1), which was directly proportional to the flow rate through the channels. This capture rate could be improved by increasing the channel length and finer flow control. It was also found that a roughened glass substrate with ten-point-height larger than the depth of surface lesions and furrow-like structures of miaRBCs showed a substantial enhancement on the number of immobilized infected RBCs. These findings indicated that surface morphologies, including surface lesions and furrow-like structures, can serve as an alternative biomarker for malaria diagnosis.